In a changing ocean there is a critical need to understand global biogeochemical cycling, particularly regarding carbon. We have made strides in understanding upper ocean dynamics, but the deep ocean interior (> 1000 m) is still largely unknown, despite representing the overwhelming majority of Earth's 15 biosphere. Here we present a method for estimating deep-pelagic zooplankton biomass on an oceanbasin scale. In so doing we have made several new discoveries about the Atlantic, which likely apply to the World Ocean. First, zooplankton biomass in the upper bathypelagic domain is higher than expected, representing an inverted biomass pyramid. Second, the majority of this biomass comprises macroplanktonic shrimps, which have been historically underestimated. These findings, coupled with 20
recent findings of increased global deep-pelagic fish biomass, revise our perspective on the role of the deep-pelagic fauna in oceanic biogeochemical cycling.
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Introduction
The deep sea accounts for nearly 99% of the habitable volume of the planet (Dawson, 2012) . Waters below 200 m are highly heterogeneous in space and time, harbouring diverse biological resources which are not quantitatively estimated yet. These ecosystems are and will continue to be impacted by climate change due to the cumulative effect of different stressors on their biota, including expanding oxygen 30 minimum zones, shoaling of aragonite saturation horizons, acidification and warming (Okey et al., 2012) . It is urgent to estimate the biomass of the deep-sea biota for inventory purposes and for monitoring its changes in the future.
In contrast to intensively documented knowledge about zooplankton distribution and diversity in the (Williams, 1988; Gislason, 2003; Vinogradov, 2005) . Fewer results concern deepsea zooplankton distribution over larger areas (Longhurst, Williams, 1979; Gaard et al., 2008) . The data about quantitative distribution of the deep-sea zooplankton for the Equatorial Atlantic and the South concentrated on specific taxonomic groups (e.g. crustacean zooplankton (Gaard et Thus, it is timely to provide estimates of the zooplankton biomass throughout the water column over large areas. As any field data of the deep-sea zooplankton are inevitably local, we should find an 50 indicator, which is correlated with elements of the deep-sea zooplankton and can be assessed over large water areas/volumes. Here we offer and test a hypothesis that the zooplankton biomass in the deeppelagial is correlated with surface primary productivity. This hypothesis has been corroborated for the epipelagic (0-200 m) layer, where correlations have been obtained (Vereshchaka, Vinogradov, 1999) . It remains completely unknown, however, if this dependence is valid for the deep sea below 200 m. In theory, the standing stock of zooplankton should remain correlated with the surface productivity and the correlation should decrease with depth. No large-scale data, however, are available on this subject. Here we attempt to fill that void by examining the relationship between remotely sensed sea surface data and in situ, discrete depth sampling data across the majority of the Atlantic Ocean (Fig. 1) . In order to start this process, we will focus on the deep-sea meso-and macroplankton (1-10 cm length). This size 60 fraction links primary and higher levels of oceanic production and is representatively sampled by the largest spectrum of plankton nets. As an indicator of surface productivity, surface chlorophyll concentration (Chl hereafter) derived from satellite information has been chosen as our indicator metric.
We will check the presence of correlation for major groups of the zooplankton and for the different depth zones: epipelagic, mesopelagic, and upper-and lower-bathypelagic zones (Fig. 2) . If correlations exist, we will assess the standing stock of the plankton over vertical zones and over geographical areas.
Where possible, we will estimate the role of major plankton groups and different depth zones in the total standing stock of the zooplankton. If successful, this attempt will provide a new expedient method for evaluation of deep-sea resources. a speed of 1 m sec -1 ), which was proven to successfully sample deep-sea plankton (Vinogradov et al., 1996; 2000) .
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We divided the net plankton into three major groups: non-gelatinous mesozooplankton (mainly Over 300 taxa were identified, counted, measured, and their weight calculated. The main contribution to total zooplankton standing stock was made by decapod shrimps, followed by non-gelatinous and gelatinous mesoplankton ( Table 1 ). The epipelagic zone was dominated by the two groups of mesozooplankton, the mesopelagic zone was dominated by non-gelatinous mesozooplankton and shrimps, the upper bathypelagic zone was dominated by shrimps, and the lower bathypelagic zone was dominated by gelatinous zooplankton ( Table 1 ).
The total zooplankton biomass and the biomass of each of major faunal group in the whole water 110 column was highly correlated with the averaged Chl (p < 0.001; Table 2 ). Moreover, in most cases the standing stock of the major groups in each of the vertical zones was also correlated with Chl; the dependence was more robust for upper vertical zones and weakened with depth (Table 2) . Having the correlation between the total zooplankton standing stock and Chl, we calculated the zooplankton standing stock over selected areas. We did that for three rectangular areas roughly corresponding to the
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North and South Atlantic Gyres and the Equatorial Atlantic (Fig. 3) . The maximum plankton stock was found in the Equatorial Atlantic (3.8 × 10 7 t wet weight), with the South and North Gyres being approximately half (2.2 × 10 7 t) and one-quarter (1.0 × 10 7 t) of this amount, respectively. Contribution of various vertical zones to the total plankton standing stock was similar in the three selected areas (Fig.   3 ). The contribution of the mesopelagic zone was the smallest portion of the total plankton stock (13-16 120 %), the epipelagic and lower bathypelagic zones were intermediate (15-25 %) , and the upper bathypelagic zone contributed the highest portion (41-48 %). In terms of faunal contributions, gelatinous and non-gelatinous mesoplankton accounted for nearly one-quarter of the total zooplankton 
Discussion
Although scant on the global scale, our deep-sea samples collected during the last 20 years using standardized methods throughout the whole water column provide an unprecedented opportunity to
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investigate the distribution of zooplankton biomass at an ocean-basin scale. This is the first snapshot of the biomass distribution throughout the whole water column over a significant oceanic area. Further, this is a first attempt to quantitatively connect the dots related to surface productivity and deep-sea zooplankton biomass, including the bathypelagic zone, which contained the highest portion of water column meso/macrozooplankton standing stock.
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Obtained regressions were not perfect due to several factors.  Actual biomass of the shrimps is also underestimated, as these animals likely avoid plankton nets and trawls to some extent (Vereshchaka, 1990 Probably the most striking result we found was the unexpectedly high shrimp biomass.
Macroplanktonic shrimp biomass, even in the maximum layers, is typically 0.05-0.5 mg m -3 and never exceeds 1.0 mg m -3 in the Atlantic (Foxton, 1970ab) , Indian (Vereshchaka, 1994) , and in the Southeast Pacific (Vereshchaka, 1990) . The values presented are one order of magnitude higher (Table 1) 
Conclusions
The dominance of macroplanktonic shrimp in the deep sea illustrates an inverted biomass pyramid, as 180 their biomass is larger than that of their prey (non-gelatinous mesoplankton). This happens because the shrimp (typical life spans of several years) grow and reproduce much slower than mesozooplankton (typical life span several months), which equates to a low production rate relative to its high standing stock; ergo, the energy pyramid is not inverted. Thus, the shrimp distribution offers additional example of the inverted biomass pyramid described for plankton communities (Gasol et al., 1997) .
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The most significant contribution to the total zooplankton standing stock unexpectedly came from the upper bathypelagic zone, not the epi-or mesopelagic zones. The upper bathypelagic zone was dominated by macroplanktonic shrimp, which accounted for over half of the standing stock biomass.
The shrimp undertake diel vertical migration (Foxton, 1970a (Vinogradov et al., 1996) and defined vertical zones. 
